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Abstract 
Smart agri-preneurship is instigating and shaping the scope and depth of farming in crops and animals rearing. 
This evolves from huge scientific advancement, implementation of various agribusiness tools, and infusion of 
technologies for the betterment of farm productivity. This paper probes the effect of smart agri-preneurship 
dimensions on farm productivity in South-West, Nigeria. Cross sectional survey research design was adopted 
and 558 agri-preneurs were sampled. A structured questionnaire was adapted and used after its validity and 
reliability were established. The research instrument was self-administered.  The analysis revealed that the 
dimensions of smart agri-preneurship significantly affected farm productivity (Adj. R2 = 0.671, F(6,551), 190.42, 
p = 0.000). The nature, level, and direction of individual relative effect differ across the constructs. The study 
recommends continuous deployment of advanced smart technologies that ensures high farm productivity.  
Keywords: Smart Agri-Preneurship, Farm Productivity, Greenhouse Farming, Hydroponics, Nutrient Cycling and 
Soil Analysis. 
Introduction 
Farm productivity output around the world has been a major quest, as poverty and hunger enthrall millions and 
the best-fit model to alleviate starvation seems elusive. The nature and depth of food insecurity have generated 
multidimensional approaches to hunger, food sourcing and opportunities for entrepreneurs. This is perceived 
to be arising from the continuous growth in population and traditional farming methods, which produce low 
nutritious food output and divorce of technology. For many people, efforts to secure food have dictated 
everyday activities of work, hunting, gathering, and farming, ranching and fishing in developing economies. The 
outlook is more of survival in the short and long-term, rather than the pursuit of grand ideas. This seems to 
stem from farm productivity challenges, with low entrepreneurial investment in agribusiness, erratic and volatile 
business environments that make long term investment insecure. 
In scrutinizing farm productivity output in a sponsored research by the Bill and Melinda Gates Foundation 
(BMGF), it was discovered that more than 40% of extremely poor people in the world will be living in Nigeria 
and Democratic Republic of Congo by 2050 (Gates, 2019). The current estimate of 86.9million out of over 
170million people are already food insecure in Nigeria and only 30 million hectares of farmland is under 
cultivation annually, short of the estimated 78.5 million needed for nutritious food production (Food and 
Agriculture Organization [FAO], 2018). The need to increase productivity of more nutritious food is pressing and 
smart agri-preneurship is a key to address growing food insecurity (Achim, Robert, Robert & Nina, 2017). The 
challenges of low farm yield, low food affordability, low food accessibility, and low farm productivity are 
impediments to the attainment of food security output as economies expand and population growth rises 
(Rajaram & Ginkel, 2019).  
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The paradigm shift in developing economies from reliance on aids and donations, to tackling farm productivity, 
has led to indigenous solutions propelled by knowledge and technology share (Ashe, 2019). The rise in 
greenhouse farming, geo-mapping, hydroponics, soil analysis, nutrient cycling, and the varied dimension of 
smart agri-preneurship to address farm productivity is a step in the right direction (Ariani, Hervani & Setyanto, 
2018). The broader involvement of agribusiness sector and integration of technologies or smart practices is to 
stimulate increase in the farm productivity of farmers and compliment the efforts of smart agri-preneurs. The 
presumption is to reduce food insecurity through engagements that yield upfront off-take agreements, 
technology usage, climate awareness, wastage reduction initiatives and value chain inclusiveness by smart agri-
preneurs. 
There are embryonic indications that agribusiness in the last 10years had impact on the Gross Domestic Product 
[GDP] in Nigeria. The country had an increase of 3,857,705.59 NGN Million in the second quarter of 2019 from 
3,597,916.08 NGN Million in the first quarter of 2019 and an averaged 3,833,624.00 NGN Million from 2010 until 
2019 (Adelowokan, Maku, Babasanya & Adesoye, 2019). With this report (Adelowokan et al., 2019), extreme 
hunger and poverty will remain prevalent until the critical issue of productivity is addressed in Nigeria (Gates, 
2019). Suggestive reasons why there has not been an average decline in the contribution of agribusiness to 
National GDP, is due to shift from traditional agriculture to agribusiness and most recently smart agri-
preneurship at private sector levels, which tend to evolve from widespread subsistence agribusiness, attempting 
to address farm output (Fouilleux, Bricas & Alpha, 2017). 
Smart agripreneurial dimensions such as greenhouse farming, hydroponics, geo-mapping, drone agriculture, 
soil analysis and nutrient cycling are productive larger-scale that add value to addressing extreme hunger and 
food security output in the population (Verma, Sahoo & Rakshit, 2018). In a collaborative approach to addressing 
farm output, the pursuit of agricultural sustainability has to be domesticated by agri-preneurs who are social 
entrepreneurs in mind-set, and willing to uplift rural farmers to fight against farm insecurity and increase farm 
productivity (FAO, 2018). Report from FAO (2018) opined that the dual aim of the United Nations' second 
sustainable development goal (SDG-2) required urgent and concerted action from developing and developed 
countries to develop applicable targets and indicators for farm productivity. 
Evidence from International Institute of Tropical Agriculture [IITA] synthesis report (2017) showed that the per 
capita food supply per day dropped steadily from 2,720kcal (2007), 2706kcal (2011) and further down to 
2690kcal (2015), which exposed that Nigeria is experiencing food insecurity and farm productivity is a major 
concern. The aggravating demand for starvation reduction and farm productivity output improvement have 
been met with failure mostly in developing countries (Cochrane et al., 2017; Mellor, 2017; World Bank, 2016; 
African Development Bank [AfDB] 2018). Alliance for a Green Revolution in Africa [AGRA] (2018), Regan, Stuart 
and Paul (2018) have centered on smart agri-preneurship as a pro-economic tool to address food security output 
in developing nations. Awojide, Simon, and Akintelu (2018) opined that new studies from the Nigerian 
perspective, have limited constructs, hence the need to investigate the effect of smart agri-preneurship 
(greenhouse farming, hydroponics, geo-mapping, drone agriculture, soil analysis) on farm productivity. This 
paper is structured as follows: introduction, literature review, methodology, results and discussions, and 
conclusion. 
Literature Review  
The term smart agri-preneurship is a combination of three concepts-smart technology, agribusiness and 
entrepreneurship. Agribusiness is defined according to Price water house Coopers (PwC) (2016) as a large-scale 
business operation, embracing the production, processing and distribution of agricultural products and the 
manufacture of farm machinery, equipment and supplies. It was first introduced in 1957 (David, 2016) with a 
focus on size, excluding small business operations such as family farms. It refers to agriculturally related 
businesses, including warehouses, wholesalers, processors and retailers (Chait, 2014). Entrepreneurship, on the 
other hand, in this context is connected with finding ways and means to create value, add value, and develop a 
profitable agribusiness. Paul, Amarachi, Oyedele, Odafe and Juliana (2018) defined entrepreneurship in 
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agriculture as the creation of an innovative economic organization for growth or gain under conditions of risk 
and uncertainty. Nwibo and Okorie (2013) explained that such an entrepreneur is an individual willing to expand 
an agricultural venture using inherent unique leadership and managerial skills. 
Smart technology, on its own, refers to the scientific approaches, systems and gadgets that aid data tracking, 
efficiency improvement and are environmentally friendly (Osabohien, Osabuohien & Urhie, 2018). Clark et al. 
(2019) added to the definition by stating it as an enhancer of food productivity using technology and innovative 
approaches. Hence, the term smart agripreneurship was defined by Cains and Henshel (2019) as the profitable 
union of agriculture, climate awareness, technology and entrepreneurship to turn farms into successful 
agribusinesses. Cains and Henshel (2019), Osabohien et al. (2018) further explained that it requires applying the 
basic requirements, advantaged information and environmental modifications to optimize the operation of a 
current agribusiness. Smart agri-preneurship which is a product of innovativeness has been identified to 
progressively have a direct effect on product quality, profitability, and healthy environment and agribusiness 
performance to the extent that it weakens hegemony by disrupting agribusiness (Rehman & Shaikh, 2014). 
Although agri-preneurship embodies entrepreneurship in the agribusiness, smart agri-preneurship alludes 
entrepreneurship in agribusiness driven by modern efficient technology that is climate-friendly. 
Farm Productivity  
According to Alston, Beddow, and Pardey (2009), farm productivity is the measurement of the quantity of 
agricultural output produced for a given quantity of input or a set of inputs. There are different ways of defining 
and measuring productivity. The amount of output per unit of input (such as tons of wheat per acre of land), or 
an index of numerous outputs divided by an index of numerous inputs (Wiebe, 2003). The quantities of output 
relative to the number of inputs are the conventional measures of productivity. If output increases at the same 
rate as inputs, then productivity is unchanged. Productivity refers to the rate of output per unit of labour, capital 
or equipment (input). Those leading and managing farm businesses are assessing the ability of their businesses 
to survive under different opportunities (Barwa, 2014). 
Sheng and Chancellor (2019) opined that productivity of a farm can be measured by how long it takes to produce 
specific produce. Productivity is measured by comparing the number of goods and services produced with the 
inputs which were used in production. Every smart agri-preneur has a primary goal or objective to own or be 
affiliated to a productive agribusiness irrespective of whether s/he has a big value chain (Clark et al., 2019). 
Aiming at being productive, smart agri-preneurs are faced with many factors limiting farm's productivity, such 
as available land, labour, soil fertility, agricultural commodities, weather conditions, crops, taste, market access, 
farmer's knowledge and lack of new technologies (Gupta & Kaushal, 2018). Agribusinesses need to be led by 
agri-preneurs who use capital investment and technology to improve total factor productivity and reduce unit 
costs of production (Gulati, Sharma, Samantara & Terway, 2018). 
Farm productivity depends largely on focus, not having the right focus on the right things can become one of 
the productivity problems (Ariani, Hervani & Setyanto, 2018). Beyond understanding smart agri-preneurship 
performance in agribusiness, it is also important to understand its positive effect on the environment and yield 
per acre for each variety and most importantly to create ease of entry for other smart agri-preneurs (Velde & 
Nisini, 2019). Farm productivity in smart agribusiness is also important for spurring economic growth in other 
sectors. According to the World Bank (2014), farmers in remote rural areas accounts for 75% of the world's poor 
population. In Africa, productivity in agriculture lags when compared globally and is below the required 
standards of achieving food security output, poverty goals and food sufficiency (Masipa, 2017).  
Smart Agri-preneurship and Farm Productivity  
The varied opinions on smart agri-preneurship and modern agricultural systems has been a central point of 
argument and has gotten considerable attention in recent years from academics, professionals, regulators and 
the government of nations. It continues to receive maximum attention because of the economic contributions 
of the agribusiness sector towards food security output, the standard of living, economic growth and 
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development, while at the same time the empirical evidence on the subject remains inconclusive. A review of 
the empirical evidence on the impact of smart agri-preneurship dimensions on-farm productivity showed mixed 
results. Studies by Carrer, Souza and Batalha (2019), Aatif, Kaiser, Showket, Prasanto and Negi (2018) and 
YiHsuan, Ssu-Pei and Ting (2019) have established that smart agri-preneurship has a positive and significant 
effect on-farm productivity, enhanced food security output and revenue generation for the farmers. Similarly, 
the Economic Community of West African States [ECOWAS] (2015) emphasized on the importance of modern 
agriculture farming techniques, especially in developing economies and concluded that smart agri-preneurship 
has a positive and significant influence on farm productivity. 
The studies of Gasparatos et al. (2017), and Tripathi and Agarwal (2015) revealed that greenhouse and drone 
agriculture farming is designed to create optimal agricultural productivity and value- adding to the agri-
preneurs’ output. Asrat and Simane (2018) and Tom (2016) found that utilizing soil analysis, geo-mapping and 
nutrient cycling approach in croplands are ecologically sound, climate friendly and significantly enhance farm 
productivity and food security output. Praveen and Sharma (2019) established that soil analysis enhances farm 
productivity and food accessibility. Bairwa, Lakra, Kushwaha, Meena, and Kumar (2014) distinctively confirmed 
smart agri-preneurship development and its dimensions, uplifts agribusiness and positively increase food and 
farm productivity. On the contrary, few studies, like Verma, Sahoo and Rakshit (2018) found that there is an 
insignificant relationship between smart agri-preneurship and farm productivity in some Indian agribusinesses. 
Laud (2018) also revealed a negative relationship between smart agri-preneurship and farm productivity, 
especially in developing countries. 
Theoretically, the Lewis theory which was propounded by Arthur W. Lewis in 1954 is used to underpin this work. 
The Lewis theory focused on how the traditional farmer can employ innovation and become modern farmer 
which enhance farmer creativity, creation of wealth and increase in productivity. Lewis model theory guides this 
paper’s discourse because its assumptions are keen to how agri-preneurs become modernized and creative to 
gain increase in agribusiness profitability, farm productivity and food security output. The justification is based 
on the theoretical robustness and explanations as it relate to the variables in the work. The primary assumption 
of Lewis theoretical model is on both the process of labour transfer and the growth of output and employment 
in the modern agriculture sector. Both labour transfer and modern-sector employment growth presupposes 
that 99% output expansion in that modern agriculture sector by entrepreneurs make profit above the fixed rate 
by adding value.  
However, it has been criticized by Mezzera (1989) and Todaro (1969), as it turned on the validity of its central 
postulates, that the subsistence sector in developing countries contains an abundance of labour, ensuring that 
the conventional wage in the subsistence sector rules over the entire economy. Absorption of surplus labour 
itself may end prematurely because competitors may raise wage rates and lower the share of profit. Other 
criticisms interpreted the Lewis model as advocating industrialisation and agricultural development but neglect 
other sectors that can enhance economic development. Furthermore, Romeo, Vea and Thomsen (2018) 
emphasized that modern agri-preneurs employed smart agri-preneurship measures such as Green House 
Farming (GHF), Hydroponics (HP), GeoMapping (GM), Drone Agriculture (DA), Nutrient Cycling (NC) and Soil 
Analysis) in order to gain market opportunity and increased in food security output towards economic growth 
and development.  
Methodology 
Cross sectional survey research design was used for the study. This research design is appropriate because it 
enables the researchers to collect data that represents the perception of people across a large geographical 
area, and at a categorical time-frame.  The adoption of this design is consistent with the studies of (Tammo, 
Ellen, Gersom & Eunice, 2017; Suryabhagavan, Asfaw & Argaw, 2016; Steven & Anne, 2016; Shoji, KerobimLakra, 
Kushwaha, Meena & Pravin, 2014; Kuforiji, Egwakhe & Binuyo, 2019). The unit of analysis was the agri-preneurs 
who own or manage the agricultural firms. The justification for this unit of analysis is based on the fact that the 
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smart agri-preneur is at the top of the leadership team responsible for vision, innovation and effective 
communication of the ideas.  
A total population of six hundred and thirty two (632) agri-preneurs within the South-Western states in Nigeria 
was filtered to reflect only duly registered firms with the Ministry of Agriculture of the respective states that 
have kept proper records of their farm production output. Based on this elimination criteria, the population 
arrived at became a finite population size of five hundred and fifty-eight (558) and also adopted as the sample 
size of the study using the Cochran (1997) formula. A structured questionnaire was adapted from previous 
studies (Singh, 2017; Amone, 2017; Al-Houti, 2017; El Ghoumari, Tantau, and Serrano, 2005; Kibiti and Gitonga, 
2017; Admane, 2013; Harrell, 2014; Peuralahti, 2014; Al-Arab, Torres-Rua, Ticlavilca, Jensen, and McKee, 2013; 
Hafsal, 2016; Gordon, 2004; Pettersen, 2014) along the constructs with sections capturing demographic 
information, Smart agri-preneurship dimensions (greenhouse farming, hydroponics, geo-mapping, drone 
agriculture, nutrient cycling and soil analysis) and farm productivity which was measured as a whole using a 
likert scale ranging from very high (6) to very low (1).  
Pilot testing was carried out to test the construct and content of the research instrument and validation and 
reliability were confirmed through Kaiser-Meyer Olkin (KMO) > 0.6, Bartlett's test < 0.05, Composite reliability 
> 0.7, Average Variance Extracted > 0.5 and scores from Cronbach’s Alpha Coefficients > 0.7 respectively. The 
pilot study was undertaken in selected farms within the North central area of Nigeria, covering Kwara State and 
Benue State, largely because these agriculture firms were outside the study area. Afterwards, copies of the 
questionnaire were distributed and retrieved by well-trained research assistants. The researchers developed a 
structured econometric model for the study using the main constructs, and the data was analysed using multiple 
regression analysis. 
Model Specification  
In order to determine the effect of smart agri-preneurship (X) on farm productivity (Y), an econometric model 
was developed. 
Y = f(X)n.  
Hence the model was structured as such;  
FP = a0 + β1GHFi + β2HPi + β3GMi + β4DAi + β5NCi + β6SAi + µi ……. eq. 1 
Where 
β 1= Green House Farming (GHF)  
β 2= Hydroponics (HP)  
β 3= Geo-Mapping (GM)  
β 4= Drone Agriculture (DA)  
β 5= Nutrient Cycling (NC)  
β 6= Soil Analysis (SA)  
µi =  Error term 
The paper’s apriori expectation is pillared on the assumption that the dimensions of smart agri-preneurship will 
exhibit individual and collective positive significant effect on farm productivity. 
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Results and Discussion  
The thesis of the work focused on examining the effect of smart agri-preneurship dimensions on farm 
productivity in South-West, Nigeria. Multiple regression analysis was used to test the hypothesis with farm 
productivity as the dependent variable, and smart agri-preneurship dimensions as the independent variable. 
Data from five hundred and fifty-eight (558) respondents were gathered and analyzed using SPSS version 23 
software. The results of the multiple linear regression analysis are shown in Table 1. 
Table 1: Multiple regression analysis Result on Smart agri-preneurship and farm productivity in South-
West, Nigeria 
Coefficientsa 
 Unstandardized Coefficients Standardized 
Coefficients 
t Sig. 
β Std. Error Beta 
1 (Constant) 0.060 0.140  0.428 0.668 
Green House Farming 0.128 0.045 0.118 2.870 0.004 
Hydro phonics 0.100 0.044 0.100 2.276 0.023 
Geo-Mapping 0.225 0.035 0.240 6.344 0.000 
Drone Agriculture 0.033 0.017 0.051 1.956 0.051 
Nutrient Cycling 0.203 0.037 0.207 5.570 0.000 
Soil Analysis 0.284 0.037 0.287 7.671 0.000 
a. Dependent Variable: Productivity 
b. R = 0.821a         R2 = 0.675        Adj. R2 = 0.671         
c. F (6, 551) = 190.420 (p=0.000) 
Source: Field Survey, 2020 
The result of the multiple regression analysis showed the model summary (R2 and adjusted R2) of the effect of 
smart agri-preneurship on farm productivity in South-West, Nigeria. The coefficient of determination (R2) value 
in the analysis is 0.675 which indicates that smart agri-preneurship dimensions have a moderate positive and 
significant effect on farm productivity. The coefficient of multiple determination, adjusted R2 is 0.671 (F(6, 551) 
= 190.420, p=0.000) revealed that smart agri-preneurship explained 67.1% of the changes in farm productivity 
in South-West, Nigeria while the remaining 32.9% could be attributed to other factors not included in this model. 
Also, the F-statistics (df = 6, 551) = 190.420 at p = 0.000 (p<0.05) indicate that the overall model is significant in 
predicting the effect of smart agr-preneurship dimensions on farm productivity. This means that smart agri-
preneurship significantly affected farm productivity. 
  
Table 1shows the results from the analysis on smart agri-preneurship dimensions (green house farming, hydro 
phonics, geo-mapping, drone agriculture, nutrient cycling and soil analysis) on farm productivity. From the 
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results, it was revealed smart agri-preneurship F(6,551) = 190.42, p = 0.000) had positive significant effect on 
farm productivity. The individual effect indicated that green-house farming (β = 0.128, t = 2.870, p<0.05), hydro 
phonics (β = 0.100, t = 2.276, p<0.05), geo-mapping (β = 0.225, t = 6.344, p<0.05), drone agriculture (β = 0.033, 
t = 1.956, p=0.05), nutrient cycling (β = 0.203, t = 5.570, p<0.05) and soil analysis (β = 0.284, t = 7.671, p<0.05) 
had positive and significant effect on farm productivity in South-West, Nigeria. Although the proxies of smart 
agri-preneurship were statistically significant, the related effect differs in relation to farm productivity with soil 
analysis exhibiting the highest effect, followed by geo-mapping and nutrient cycling respectively.    
The values (adjusted R2 is 0.671 (F(6, 551) = 190.420, p=0.000) inform that the model is statistically robust to 
predict the effect and that holding smart agri-preneurship dimensions constant, farm productivity would be at 
a positive value of 0.060. In addition, the regression model explains that when green-house farming, hydro-
phonics, geo-mapping, drone agriculture, nutrient cycling and soil analysis are improved by one unit, farm 
productivity would also increase by 0.128, 0.100, 0.225, 0.033, 0.203 and 0.248 units respectively. This implies 
that an increase in smart agri-preneurship dimensions (green house farming, hydro-phonics, geo-mapping, 
drone agriculture, nutrient cycling and soil analysis) would lead to a subsequent increase in farm productivity in 
South-West, Nigeria.  
Discussions and conclusion 
The result above reveals that smart agri-preneurship dimensions significantly affected farm productivity. The 
finding is consistent with the findings of Marcela et al. (2017), Masrin et al. (2018), Carrer et al. (2019) and Aatif 
et al. (2018) who investigated how unmanned aerial vehicle (UAV) or drone enhance farm productivity and yield. 
In addition, Gulati et al. (2018) is sustained that drone with pesticides and fertilizers use enhanced the crop yield 
quality. Others like Gasparatos et al. (2017), Adebiyi et al. (2018), Eme et al. (2014), and Ahirwar et al. (2019) 
whose existing works revealed that drone technology has significantly improved farm productivity is 
corroborated. The notion, as forwarded by Kooijman et al. (2018), Lamley and Adams (2018) and JanWillem et 
al. (2018), is empirically sustained through the findings that utilizing smart agri-preneurship approach in nutrient 
cycling is ecologically sound, climate friendly and significantly enhances farm productivity and food security 
output. On the contrary, Waleed (2018), Saidu, et al. (2017), Shaimaa et al. (2015), Payraudeau et al. (2005) and 
Shoji et al. (2014) do not support the finding which could be attributed to context, construct and methodoligical 
differences. 
The researchers investigated the concept of smart agri-preneurship dimensions on farm productivity in south-
west, Nigeria with the results indicating positive and significant influence on farm productivity. It was observed 
that the use of advanced and scientific technologies and knowledge could help increase farm productivity. While 
the findings are intended to deepen academic insight, its practical approach and utilization of the findings to 
encourage investment in Agriculture remain imperative. The study recommends that a renewed and deliberate 
introduction and deployment of smart technology by entrepreneurs into farming activities could increase farm 
productivity. Undoubtedly further field research will also be needed to deepen understanding on the role of 
climate change on the interaction between smart agri-preneurial and farm productivity.  
References  
Aatif, H., Kaiser, I., Showket, A., Prasanto, M., & Negi A. K. (2018). A review on the  science of growing crops 
without soil (soilless culture) – A novel alternative for  growing crops. International Journal of Agriculture and 
Crop Sciences, 7(11), 833- 842.  
Achim, W., Robert, F., Robert, H., & Nina B. (2017). Smart farming is key to developing  sustainable 
agriculture. PNAS, 114(24), 6148-6150.  
Adebiyi, O. A., Adeola, A. T., Osinowo, O. A., Brown, D., & NG’AMBI, J. W. (2018).  Effects of feeding 
hydroponics maize fodder on performance and nutrient  digestibility of weaned pigs. Applied ecology and 
environmental research, 16(3),  2415-2422.  
JOURNAL OF SOCIAL SCIENCE RESEARCH Vol 15 (2020) ISSN: 2321-1091        https://rajpub.com/index.php/jssr 
 134 
Adelowokan, O. A., Maku, O. E., Babasanya, A. O., & Adesoye, A. B. (2019).  Unemployment, poverty and 
economic growth in Nigeria. Journal of Economics &  Management, 35, 5- 17.  
Admane, S. V. (2013). A review on plant without soil-hydroponics. International Journal  of Research in 
Engineering and Technology, 2(03), 299-304.  
Ahirwar, S., Swarnkar, R., Bhukya, S., & Namwade, G. (2019). Application of drone in  agriculture. 
International Journal Current Microbiology & Applied Sciences, 8(01),  25002505.  
Al-Arab, M., Torres-Rua, A., Ticlavilca, A., Jensen, A., & McKee, M. (2013, July). Use of  high- resolution 
multispectral imagery from an unmanned aerial vehicle in precision  agriculture. In 2013 IEEE International 
Geoscience and Remote Sensing Symposium- IGARSS (pp. 2852-2855). IEEE.  
Al-Houti, F. (2017). Evaluation of the effectiveness of Supplemental lights vs No  supplemental lights on 
hydroponically grown lettuce (Doctoral dissertation),  Colorado State University Libraries.  
Alston, J. M., Beddow, J. M., & Pardey, P. G. (2009). Agricultural research, productivity,  and food prices in 
the long run: A recent summary of the evidence. Journal of  Agriculture Science, 325(4), 1209–1210.  
Amone, W. (2017). Agricultural productivity and economic development in Uganda: An  inclusive growth 
analysis. (Unpublished Doctoral thesis), Mbarara University of  Science and Technology.  
Ariani, M., Hervani, A., & Setyanto, P. (2018). Climate smart agriculture to increase  productivity and 
reduce greenhouse gas emission– a preliminary study. IOP Conf.  Series: Earth and Environmental Science, 
200(8), 12-24.  
Ashe, M. O. (2019). International agencies and the quest for food security in Nigeria, 1970-  2015. 
Ubuntu: Journal of Conflict Transformation, 8(Special Issue 1), 251-274.  
Asrat P, & Simane B. (2018) Adaptation benefits of climate-smart agricultural practices in  the Blue Nile Basin: 
Empirical evidence from North-West Ethiopia. In: Leal Filho  W, Belay S, Kalangu J, Menas W, Munishi P, 
Musiyiwa K, editors. Climate change  adaptation in Africa: fostering resilience and capacity to adapt. London: 
Springer; p.45–59.  
Awojide, L., Simon, J., & Akintelu, S. (2018). Empirical investigation of factors affecting  information and 
communication technologies (icts) in agric-business among small  scale farmers in Esan Community, 
Edo State, Nigeria. Journal of Research in  Marketing, 9(1), 714.  
Bairwa, S. L., Lakra, K., Kushwaha, S., Meena, L. K., & Kumar, P. (2014). Agripreneurship  development as a 
tool to upliftment of agriculture. International Journal of Scientific and Research Publications, 4(3), 1-4.  
Barwa, S. L. (2014). Agri-preneurship development as a tool to upliftment of agriculture.  International Journal 
of Scientific and Research Publication, 4(3), 1-4.  
Cains, F., Henshel, F. (2019). Exploiting plant volatile organic compounds (VOCs) in  agriculture to 
improve sustainable defence strategies and productivity of crops.  Frontiers in plant science, 10, 264.  
Carrer, M.J., H.M. Souza Filho and M.O. Batalha. (2019). Factors influencing the adoption  of farm 
management information systems (FMIS) by Brazilian citrus farmers.  Computers and Electronics in 
Agriculture, 138, 11-19.  
JOURNAL OF SOCIAL SCIENCE RESEARCH Vol 15 (2020) ISSN: 2321-1091        https://rajpub.com/index.php/jssr 
 135 
Clark, J. K., Rouse, C., Sehgal, A. R., Bailey, M., Bell, B. A., Pike, S. N., Sharpe, P. A., &  Freedman, D A. 
(2019). Food hub to address healthy food access gaps: Residents’  preferences. Journal of Agriculture, 
Food Systems, and Community Development,  9(1), 59–68.  
Cochran, W. D., Hatzes, A. P., Butler, R. P., & Marcy, G. W. (1997). The discovery of a  planetary 
companion to 16 Cygni B. The Astrophysical Journal, 483(1), 457.  
Cochrane, L., Cundill, G., Ludi, E., New, M., Nicholls, R. J., Wester, P., Cantin, B, Murali, K. S., Leone, M., Kituyi, E., 
& Landry, M. E. (2017). A reflection on collaborative  adaptation research in Africa and Asia. Reg Environ 
Chang, 17(5), 1553–1561.  
David, V. N. (2016). What is agribusiness, a visual description. Amity Journal of  Agribusiness, 1(1), 1-6.  
Dethier, J. J., & Effenberger, A. (2011). Agriculture and development. Policy research  working paper 5553 
developed by the Research Support Unit, Development  Economics, World Bank.  
El Ghoumari, M. Y., Tantau, H. J., & Serrano, J. (2005). Non-linear constrained MPC: Real- time 
implementation of greenhouse air temperature control. Computers and  Electronics in Agriculture, 49(3), 345-
356.  
Eme, O. I., Onyishi, T., Uche, O. A., & Uche, I. B. (2014). Challenges of food security in  Nigeria: Options 
before government. Oman Chapter of Arabian Journal of Business and Management Review, 34(2361), 1-11.  
Esiobu, H. (2015). Government policy and performance of small and medium business  management. 
International Journal of Academic Research in Business and Social  Sciences, 5(2), 237. 
FAO (2018). Climate-smart agriculture. Food and Agriculture Organization of the United  Nations.  
Fouilleux, E., Bricas, N., & Alpha, A. (2017). Feeding 9 billion people: Global food security  debates and the 
productionist trap. Journal of European Public Policy, 24, 1658– 1677.  
Gasparatos, A., Takeuchi, K., Elmqvist, T., Fukushi, K., Nagao, M., Swanepoel, F.,  Swilling, M., Trotter, D., & 
Von Blottnitz H. (2017). Sustainability science for  meeting Africa’s challenges: Setting the stage. Sustain Science, 
12, 635–640  
Gates, B. (2019). Examining inequality. Goalkeepers Report from Bills and Melinda Gates  foundation survey. 
Retrieved  from  https://www.gatesfoundation.org/goalkeepers/report/2019-report?download=false  
Gordon, R. (2014). Phytoextraction of cadmium and zinc from a contaminated soil. Journal of Environmental 
Quality, 26(5), 1424-1430.  
Gupta, S., & Kaushal, R. (2018). General application of biotechnology in agriculture. ACTA  Scientific Agriculture, 
2(6), 12-19.  
Hafsal, L. P. (2016). Precision agriculture with unmanned aerial vehicles for SMC  estimations: Towards a more 
sustainable agriculture. (Master's thesis),  
Harrell, C (2014). Characterizing the rural opioid use environment in Kentucky using google earth: Virtual audit. 
Journal of Medical Internet Research, 21(10), 14-23.  
Kibiti, J. G., & Gitonga, A. K. (2017). Factors influencing adoption of urban hydroponic  farming: A case of 
Meru town, Meru County, Kenya. International Academic  Journal of Information Sciences and Project 
Management, 2(1), 541-557.  
JOURNAL OF SOCIAL SCIENCE RESEARCH Vol 15 (2020) ISSN: 2321-1091        https://rajpub.com/index.php/jssr 
 136 
Kooijman, A. M., Kalbitz, K., & Smit, A. (2018). Alternative strategies for nutrient cycling in acidic and calcareous 
forests in the Luxembourg Cuesta landscape. in: 
Kooijman,  A., Cammeraat, L., and Seijmonsbergen, A. (eds) The Luxembourg gutland landscape. Springer, 
Cham  
Kuforiji, A. A., Egwakhe, A. J., & Binuyo, O. A. (2019). Human factor dimensions and  workplace climate of 
food and beverage firms in Lagos State, Nigeria: An empirical paper. International Journal of Business and Social 
Science, 10(4), 137-145.  
Laud, K. (2018). Factors influencing agri-preneurship and their role in agri-preneurship  performance among 
young graduate agri-preneurs. International Journal of  Environment, Agriculture and Biotechnology (IJEAB), 
3(6), 1878-1886.  
Lewis, W. A. (1954). Economic development with unlimited supplies of labour. Manchester  School, 28, 
139-191.  
Marcela, C., Jorge, M., Cornelia, R., Leo, M. C., Marcela, H., Marc, D., & Maria-delaLuz,  M. (2017). Smart 
fertilizers as a strategy for sustainable agriculture. Advances in  Agronomy, 147 (3), 119-154.  
Masipa, T. S. (2017). The impact of climate change on food security in South Africa: Current realities and 
challenges ahead. JÀMBÁ J. Disaster Risk Stud, 9, 411-436.  
Masrin, A., Nurul, F. A., Fakhrulisham, R., & Sharil, M. Z. (2018). Geographical mapping  on seropositive 
status of melioidosis among livestock in Malaysia from 2012 to 2016.  Malaysian Journal of Veterinary 
Research, 9(2), 44-52.  
Mellor, J. W. (2017). Agricultural development and economic transformation. promoting  growth with poverty 
reduction - Palgrave Studies in Agricultural Economics and  Food Policy. New York: Palgrave MacMillan.  
Mezzera, J. (1989). Excess labor supply and the urban informal sector: An analytical  framework. 
Connecticut Kumarian Press.  
Nwibo, S. U., & Okorie, A. (2013). Constraints to entrepreneurship and investment decisions among 
agribusiness investors in Southeast, Nigeria. International Journal of Small Business and Entrepreneurship 
Research, 1(4), 30-42.  
Omer, T. (2016). Net global warming potential and greenhouse gas intensity of annual rice–wheat rotations with 
integrated soil– crop system management Agric. Ecosyst.  Environ. 164, 209–219.  
Osabohien, R., Osabuohien, E., & Urhie, E. (2018). Food security, institutional framework  and technology: 
Examining the nexus in Nigeria using ARDL approach. Current  Nutrition & Food Science, 14(2), 154-163.  
Paul, A. I., Amarachi, N. O., Oyedele, M. O., Odafe, M. E., & Juliana, A. A. (2018). Factors  affecting the 
investment climate, SMEs  productivity  and entrepreneurship  in  Nigeria. European Journal of Sustainable 
Development, 7(1), 182-200.  
Payraudeau, S., & van der Werf, H. M. (2005). Environmental impact assessment for a  farming region: a 
review of methods. Agriculture, Ecosystems & Environment,  107(1), 1-19.  
Peuralahti, J. (2014). Binding rules or voluntary actions? A conceptual framework for CSR  in shipping. WMU 
Journal of Maritime Affairs, 13(2), 251-268.  
JOURNAL OF SOCIAL SCIENCE RESEARCH Vol 15 (2020) ISSN: 2321-1091        https://rajpub.com/index.php/jssr 
 137 
Popp, J., Oláh, J., Kiss, A., & Lakner, Z. (2019). Food security perspectives in sub-Saharan  Africa. The 
Amfiteatru Economic Journal, 21(51), 361-361.  
Praveen, B., & Sharma, P. (2019). A review: The role of geospatial technology in precision  agriculture. Journal 
of Public Affairs, 19, 6-8.  
PricewaterhouseCoopers LLP (PwC), (2016). PwC agribusiness report. African Press  Organization.  
Rajaram, S., & van Ginkel, M. (2019). Achieving global food security for all: focus on sub-Saharan Africa and Asia. 
In Le Déméter 297-309.  
Regan, A., Green, S., & Maher, P. (2018). Smart Farming in Ireland: Anticipating positive  and negative 
impacts through a qualitative study of risk and benefit perceptions  amongst expert actors in the Irish 
agri-food sector. In Proceedings of the 13th  European International Farm Systems Association Symposium, 
Chania, Greece 1-5.  
Rehman, A., & Shaikh, S. (2014). Smart agriculture. International Journal of  Communication Networks 
and Information Security, 32(2), 263- 270.  
Romeo, D., Vea, E. B., & Thomsen, M. (2018). Environmental impacts of urban  hydroponics in Europe: a 
case study in Lyon. Procedia CIRP, 69, 540-545.  
Saidu, A., Clarkson, A. M., Adamu, S. H., Mohammed, M., & Jibo, I. (2017). Application  of ICT in agriculture: 
Opportunities and challenges in developing countries.  International Journal of Computer Science and 
Mathematical Theory ISSN, 2545- 5699.  
Shaimaa, H., Abd-Elrahman, & Mostafa, M. A. M. (2015). Application of nanotechnology  in agriculture: An 
overview. Egypt Journal of Soil Science 55(2),6.  
Sheng, Y., & Chancellor, W. (2019). Exploring the relationship between farm size and  productivity: 
Evidence from the Australian grains industry. Food Policy, 84, 196- 204.  
Shoji, L. B., KerobimLakra, S., Kushwaha, Meena, L. K., & Pravin, K. (2014). Agri- preneurship development as 
a tool to upliftment of agriculture. International Journal of Science and Research Publications, 4(3), 2250-3153.  
Singh, A. P. (2017). Does FDI promote productivity? A deep dive. Indian Journal of  Industrial Relations, 
52(3), 25.  
Steven, C., & Anne, R. (2016). An exploration of agri-preneurship scopes, actors and  prospects. Nestle, 7-
71.  
Suryabhagavan, K.V., Asfaw, E., & Argaw, M. (2016). Soil salinity modelling and mapping using remote sensing 
and GIS: The case of Wonji sugar cane irrigation farm,  Ethiopia. Journal of the Saudi of Agricultural Society, 
17, 250-258.  
Tammo, P., Ellen, F.S., Gersom, A., & Eunice, M. (2017) Integrated crop livestock simulation  models for 
scenario analysis and impact assessment. Agricultural Systems, 70, 581-602.  
Todaro, M. P. (1969). A model of labour migration and urban unemployment in less  developed countries. 
The American economic review, 59(1), 138-148.  
Tom, H. (2016). Climate smart agriculture to increase productivity and reduce greenhouse gas emission– A 
preliminary study. IOP Conf. Series: Earth and Environmental  Science, 200(8), 12-24.  
JOURNAL OF SOCIAL SCIENCE RESEARCH Vol 15 (2020) ISSN: 2321-1091        https://rajpub.com/index.php/jssr 
 138 
Tripathi, R., & Agarwal, S. (2015). Rural development through agri-preneurship: A study of farmers in Uttar 
Pradesh. Global Journal of Advanced Research, 2(2), 534-542.  
Velde, M. V. D., & Nisini, L. (2019). Performance of the MARS-crop yield forecasting  system for the 
European Union: Assessing accuracy, in-season, and year-to-year  improvements from 1993 to 2015. Report from 
European Commission, Joint  Research Centre (JRC), Ispra 21027, Italy.  
Verma, R. K., Sahoo, A. K., & Rakshit, S. (2018). Opportunities in agri-preneurship in India:  Need, challenges 
and future prospects. Indian Agricultural Statistical Research Institute. 13(1), 69-72.  
Waleed, F. A. (2018). Nanotechnology application in agriculture. Acta Scientific  Agriculture. 2(6), 99-102.  
Wiebe, K. (2003). Linking land quality, agricultural productivity, and food security.  Resource Economics 
Division, Economic Research Service, U.S. Department of  Agriculture. Agricultural Economic Report No.: 823.  
World Bank. (2014). Agricultural land redistribution in sub Saharan Africa: Directions in  agriculture and rural 
development. Washington D.C., 1–133.  
Yi-Hsuan, H., Ssu-Pei, L., & Ting, L. (2019). The application of organic hydroponics on  homegrown urban 
agriculture in Taiwan comma company. (Unpublished thesis).  National Chiayi University, Taiwan.  
